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(54) PLL circuit having a ring oscillator and method of controlling the same 

(57) A PLL circuit detects oscillation halt of a 

voltage control oscillator, generates an osciltation 
control signal for automatically oscillating the 
voltage control oscillator based upon the detected 
signal, and automatically restores the voltage control 
oscillator to a norma! oscillation state by the use of 
the generated signal. The voltage control oscillator is 
stnjctured by a ring oscillator in which a plurality of 
differential amplifiers are connected in a ring form. A 
plurality of oscillation control means are arranged for 
the respective inputs of the differential amplifiers so 
as to set the ring oscillator into an oscillationable 
state when the voltage control oscillator halts. The 
^ oscillation control means is controlled by the 
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D scription 

[0001] This invention relates to a PLL (Phase-locked loop) circuit and a method of controlling the same, and in 
particular, to a PLL circuit which is capable of automatically restoring to a normal state wh n an oscillation 

5 operation is hatted on the condition that an oscillation state of a voltage oscillation circuit (VCO) is monitored. 

[0002] Recently, excessively fine resolution is given for a clock step operation to restore a data signal from a 
receiving signal in a communication system. To this end, a PLL (Phase-locked loop) circuit, which produces multi- 
phase clocks, has been required. When the phase number (2, 4, 8. 16 ) of the multi-phase clocks is equal to the 

Nth power of 2, a circuit for realizing the dock step operation does not require a redundant circuit Consequently. 

10 the circuit can readily and simply be designed. 

[0003] In this event, eight phase clocks are generally designed among the phase clocks of the Nth power of 2 in 
the system. 

[0004] Hereinafter, description will be made about conventional references with respect to the multi-phase clocks. 

15 (1) First conventional reference (JP-A 4-20016): 

[0005] The first conventional reference discloses a clock generator which has a ring oscliiator including odd 
stages of delay circuits and which directly and separately produces output signals of a plurality of the delay 

circuits as clock signals of multi-phase. 
20 [0006] Although this system is generally used, the system can not produce phase clocks of the Nth power of 2. 

(2) Second conventional reference (JP-A 58-59653): 

[0007] The second conventional reference discloses a clock generator which has four phase detectors for 
2^ detecting phase modulation signals of eight phase and which produce clock signals of eight phases by giving output 
signals of a voltage control oscillator for producing a single phase dock into the phase detector. 
[0008] This system can produce the phase clocks (eight phase clocks) of Nth power of 2. However, operation 
speed of the detector is restricted. In consequence, the system can not produce high-speed clocks. Further, It is 
difficult in design to unify delay times of the four detectors. 

30 

(3) Third conventional reference (JP-A 8-340241): 

[0009] The third reference discloses an oscillator of multi-phase to which buffers are connected in series with 
a plurality of stages. With this structure, an output signal of the final stage is reversed, and is fed back into 
the first stage of the buffer. Herein, the each of the buffers is composed of two inverters. 

[0010] In this system, delay time between output decision of the first stage and output decision of the final 
stage Inevitably becomes large in comparison with times necessary to the other portions. 

[0011] To solve these problems, it is necessary that the ring oscillator of the voltage control oscillator is 
structured by even devices. To this end, it has been tried to constitute the ring oscillator by using a delay 
circuit as a differential circuit and by connecting even delay circuits. 

[001 2] However, the following problems occur when the ring oscillator is structijred by the even stages. 

[0013] Namely, in case that the ring oscillator of the even stages is used, the oscillation operation may be 

halted by an affect of noise when a power supply is inti-oduced. 

[0014] In the ring oscillator of the even stages illustrated in Fig. 1, even differential amplifiers 81 through 
84 are connected in series, and an input of first stage and an output of final stage are connected In a ring form. 
With such a structure, when the ring oscillator is normally oscillated, all outputs of the differential amplifier 
are put into unbalanced states. For example, when an output 803 is put into a high level, an output 804 is put into 

a low level. 

[0015] In this circuit, when both inputs 801 and 802 of a differential amplifier 81 are put into high levels, 
outputs 803 and 804 of the differential amplifier 81 are put into low levels, outputs 805 and 806 of a differential 
amplifier 82 are put into high levels, outputs 807 and 808 of a differential amplifier 83 are put into low levels, 
and an output of a differential amplifier is put in to high level so as to be given to a first stage. 

[0016] However, the same high levels are given to outputs 801 and 802 of the differential amplifier 81. 
Consequently, a normal oscillation state does not appear, and as a result, the oscillation operation inevitably halts. 
[0017] Recentiy, the number of detachable devices is increased. Consequentiy, the number of device having no 
reset signal (power-on reset signal) when the power supply is introduced is also increased. Herein, it is to be 
noted that the conventional device has the reset signal. 

[0018] In consequence, ttie device can not make an initial value of the PLL circuit. As a result, it is uncertain 
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whether or not the voltage control oscillator accurately oscillates. To solve this problem, a technique, in which 
the system monitors the output of the PLL circuit and the system is automatically restored to the normal state when 
the oscillation operation is halted, has been researched. 

[0019] For example, description has been made about a technique, in which a system monitors-an oscillation of a 
5 voltage control oscillator in a PLL circuit and the system is automatically restored to the normal oscillation state 
when the oscillation is halted in (JP-A 7-74625) 

[0020] A circuit illustrated in Fig. 2 includes a phase comparing circuit 91, a voltage generating circuit 92, a 
voltage control oscillator 93, and a self-restoring control circuit 94. 

[0021] With such a structure, the phase comparing circuit 91 compares a referential signal 901 v\nth an 
10 oscillation signal 904 and produces a phase difference detecting signal 902. The voltage generating circuit 92 
converts the phase difference detecting signal 902 into a voltage 903. The voltage control oscillator 93 produces a 
frequency signal proportional to the voltage 903. The self-restoring control circuit 94 monitors the referential 
signal 901 and the oscillation signal 904, and supplies a self-restoring signal 905 into the phase comparing circuit 91. 
[0022] In this case, the phase comparing circuit 91 gives the phase difference detecting signal 902 into the 
15 voltage generating circuit 92 on the basis of the self-restoring signal 905 given from the self-restoring control 
circuit 94 at a constant duration after the voltage control oscillator 93 halts. Thereby, the system is self- 
restored to the normal oscillation state. 

[0023] However, this conventional technique has the following problems. 

[0024] First, the voltage control oscillator having even stages of ring oscillator may halt the oscillation even 
20 when the voltage from the voltage generating circuit is normal. However, the system can not be automatically 
restored from this state. 

[0025] This reason is explained as follows. 

[0026] The voltage control oscillator having odd stages of ring oscillator inevitably and normally oscillates 
when the voltage from the voltage generating circuit is normal. The oscillation halts only when the voltage 
25 approaches a ground line GND level or a power supply line VDD level. When the oscillation halts, the self-restoring 
signal is given to the voltage generating circuit, and an output vottage of the voltage generating circuit is put 
into a normal value. Thus, the self-restoring control is carried out. 

[0027] However, in this method, when the oscillation of the even stages of ring oscillator halts on the 
condition that the voltage from the voltage generating circuit is normal, the oscillation can not be restored. 
30 [0028] Second, when the PLL circuit halts, it is possible to automatically restore in case that an output level 
is fixed to a low level. However, it is impossible to automatically restore in case that the output level Is fixed 
to a high level. This is because the self-restoring control is carried out by detecting a timing at which the output 
level is fixed to the low level as the oscillation halting state. 

[0029] Further, oscillation frequency is variable proportional to a control voltage from the voltage generating 
35 circuit in the ring oscillator. However, when the control voltage approaches the power supply line VDD level or the 
ground line GND level, the ring oscillator does not become the normal oscillation state, and the oscillation inevitably 
halts. 

[0030] In a differential amplifier illustrated in Fig. 3, a drain of a transistor 705 is connected to a drain of 
a transistor 752. Further, drains of the transistors 751 and 753 are connected to each other. Sources of transistors 
750 and 751 are coupled to a power supply line VDD. Sources of transistors 752 and 753 are connected to a drain of a 
transistor 754. A source of a transistor 754 is coupled to a ground line GND of a transistor 754. 

[0031] Further, a gate of a transistor 750 is connected to a gate of a transistor 751 to form control input 
terminal 701 from an external circuit. A gate of a transistor 754 serves as an control Input 704 from an external circuit. 
[0032] Each of gates 702 and 703 of transistors 752 and 753 serves as an input terminal while each of drains 706 
^ and 705 of transistors 752 and 753 sen/es as an output temiinal. 

[0033] When a high level is given to the Input terminal 702 and a low level is given to the input terminal 703, 
the transistor 752 is put into an ON state, the output 706 is put into the low level, the transistor 753 is put into 
an OFF state, and the output 705 is put into the high level. 

[0034] The voltage 903 from the voltage generating circuit 92 is applied to the control inputs 701 and 704 of 
the transistors 750. 751, and 754, and the delay time of the differential amplifier is variable in dependency upon 
the voltage. By utilizing this phenomenon, the oscillation frequency of the ring oscillator is changed. 
[0035] However, when the control inputs 701 and 704 of the transistors 750, 751 and 754 approach the power 
supply line VDD level or the ground line GND level, each of the transistors 750, 751 and 754 is put into the OFF 
state, and no current f\ov^. 

[0036] Consequently, th circuit can not be operable as the differential amplifier, and as a result, the 

oscillation inevitably halts. 

[0037] In addition, the related techniques have been disclosed in JP-A-55-42443, JP-A-63-185121, JP-A-5- 
122032, JP-A-8-79068. JP-A-6-307460, and JP-A-9-326692. 
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[0038] It is therefore an object of this invention to provide a PLL (Phase-looked loop) circuit, which is 
capable of automatically restoring to a normal state when an oscillation halts. 

[0039] It is another object of this invention to provide a PLL circuit vi^hich is capable of generating multi- 
phase clocks. 

5 [0040] According to this invention, a PLL circuit detects oscillation halt of a voltage control oscillator, 
generates an oscillation control signal for automatically oscillating the voltage control oscillator based upon the 
detected signal, and automatically restores the voltage control oscillator to a normal oscillation state by the use 
of the generated signal. 

[0041] With such a structure, the voltage control oscillator is structured by a ring oscillator in which a 
10 plurality of differential amplifiers are connected in a ring form. 

[0042] Further, a plurality of oscillation control means are arranged for the respective inputs of the 

differential amplifiers so as to set the ring oscillator into an oscdlationable state when the voltage control oscillator halts. 

[0043] Under this circumstance, the oscillation control means is controlled by the oscillating control signal. 

[0044] In this case, the number of the differential amplifiers is even. 
15 [0045] Moreover, the oscillation control means pulls-up one input of the differential amplifier into a high 

level and pulls-down the other input of the differential amplifier into a low level. 

[0046] In this event, the oscillation control means comprises a first oscillation control means which pulls-up 
the one input of the differential amplifier into the high level and a second osdilation control means which pulls- 
down the other input of the differential amplifier into the low level. 
20 [0047] Specifically, the first oscillation control means comprises a p-channel transistor which is connected 
between the one input of the differential amplifier and a power supply line. The second oscillation control means 
comprises an n-channel transistor which is connected between the other input of the differential amplifier and a 
ground line. 

[0048] Further, the circuit has second and third differential amplifiers. In this condition, one output of the 
25 differential amplifier constituting the ring oscillator is introduced to a non-reverse input terminal of the second 
differential amplifier while the other output of the differential amplifier is introduced to a reverse input 
terminal of the second differential amplifier. 

[0049] Moreover, one output of the differential amplifier constituting the ring oscillator is introduced to a 
reverse input terminal of the third differential amplifier while the other output of the differential amplifier is 

30 introduced to a non-reverse input terminal of the third differential amplifier. Thereby, a plurality of frequencies 
are generated. Each of the frequency has a predetermined phase difference for the ring oscillator. 
[0050] In addition, the circuit has a detection circuit which detects the oscillation halt of the voltage 
control oscillator. The detection circuit comprises a divider, a first data retaining means, a second date retaining 
means, an exclusive OR gate. 

35 [0051] With this structure, the divider divides the oscillation signal of the voltage control oscillator 

[0052] The first data retaining means retains a first output signal which is given from the divider at a first 
time while the second data retaining means retains a second output signal which is given from the divider at a 
second time after a predetermined time from the first time. The exclusive OR gate detects the presence or absence of 
difference between the first output signal and the second output signal. 

40 [0053] Each of the first data retaining means and the second data retaining means Is reset by the use of the 
oscillation control signal. 

[0054] Moreover, the circuit has a detection circuit which detects the oscillation halt of the voltage control 
oscillator. 

[0055] The detection circuit comprises a divider, a plurality of shift registers, and an exclusive OR gate. With 
^5 this structure, the divider divides the oscillation signal of the voltage conti-ol oscillator. A plurality of shift 
registers sequentially shift the divided signals. The exclusive OR gate detects the presence or absence of 
difference between an input signal and an output signal of each shift register. Each of the shift registers is reset 
by the use of the oscillation control signal. 

[0056] More specifically, the ring oscillator portion is composed of even stages differential amplifiers. 
Consequentiy, the multi-phase clocks of N power of 2 can be produced vAth a simple circuit. 

[0057] Further, the oscillation monitoring circuit always monitors the oscillation state of the PLL circuit, and 
gives the reset signal into the voltage control oscillator so as to be oscillationable state using the oscillation halt as a 
trigger when the oscillation monitoring circuit detects the oscillation halt In consequence, when the oscillation 
of the PLL circuit halts, the PLL circuit can be automatically restored. 
55 [0058] Moreover, even when the control voltage approaches th power supply line VDD level or the ground line 
GND level, an additional circuit is provided so that the oscillation of the ring oscillator does not halts. As a 
result, a stable oscillation can be always carried out when the control voltage of the voltage control oscillator 
falls within the range between the pow r supply lineVDD and tiie ground lin ^NO. 
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[0059] In addition, when the oscillation hafts, the ring oscillator of the voltage control oscillator is 
directly reset into the oscillation state. Consequently, when the oscillation of the PLL circuit halts, the PLL 
circuit can accurately return into the oscillation state. 

Fig. 1 is a block diagram showing a related ring oscillator: 

Fig. 2 is a block diagram showing a related PLL circuit; 

Fig. 3 is a circuit diagram showing a differential amplifier constituting each stage of the related ring oscillator; 
Fig. 4 is a block diagram showing a PLL circuit according to this invention; 

Fig. 5 is a block diagram showing a ring oscillator which is structured with even stages and which generates 
eight phase docks; 

Fig. 6 is a circuit diagram showing a ring oscillator which has reset circuits for resetting the ring oscillator 
into an oscillationabie state; 

Fig. 7 is a circuit diagram of a differential amplifier constituting each stage of a ring oscillator; 
Fig. 8 is a circuit diagram showing an oscillation monitoring circuit; 
Fig. 9 is a circuit diagram shov\^ng an oscillation control circuit; 
25 Fig. 1 0 is a waveform diagram for explaining an operation of this invention: 

Fig. 1 1 is a waveform diagram for explaining an operation of this invention; 
Fig. 12 is a waveform diagram for explaining an operation of the ring oscillator illustrated in Fig. 2; 

30 

Fig. 13 is a circuit diagram showing connection state of the differential amplifier illustrated in Rg. 5; 

Fig. 14 is a circuit diagram showing the other embodiment of the oscillation monitoring circuit; 

Fig. 1 5 is a waveform for explaining an operation of an oscillation state of the circuit illustrated in Fig. 1 4; and 

Fig. 1 6 is a waveform for explaining an operation of an oscillation state of the circuit illustrated in Fig. .1 4. 
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[0060] Referring to drawings, description will be made about embodiments of this invention. 
[0061] In Figs. 4 and 5, a PLL (Phase-locked loop) circuit detects halt of an oscillation of a voltage control 
oscillator 30, generates an oscillation control signal 107 for automatically oscillating the voftage control 
oscillator on the basis of the detected signal, and restores the voltage control oscillator 30 to a normal state by 

the use of the signal 107. 

[0062] The voltage conti-ol oscillator 30 is structured by a ring oscillator in which a plurality of differential 
amplifiers 32 through 35 are connected in a ring form and oscillation control means P1 - P4 and N1 - N4 is provided 
for each input of each differential amplifier 32 - 35. Herein, the oscillation control means sets the ring 
oscillator into an oscillationabie state when the oscillation of the voltage control oscillator 30 halts. In this 
event, the oscillation control means P1 - P4 and N1 - N4 is controlled by the oscillation control signal 107. 
[0063] With such a structure, the number of the differential amplifiers is even. Further, one input of the 
differential amplifier Is pulled-up to a high level while the other input of the differential amplifier is pulled- 
down to a low level. 

[0064] In Fig. 5, tiiere are provided with a second differential amplifier 411 and a third differential amplifier 
415. One output of a differential amplifier 401 constituting the ring oscillator is coupled to a non-reverse input 
terminal {^) of the second differential amplifier 411 while the other output of the differential amplifier 401 is 
coupled to a reverse input terminal (-) of the second differential amplifier 41 1 . 

[0065] Further, one output of a differential amplifier constituting the ring oscillator is coupl d to a non- 
rev rse terminal (-) of th third differential amplifier 495 whil th other output of the differential amplifier 
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401 Is coupled to non-reverse Input terminal {+) of the third differential amplifier 495. 

[0066] With this structure, a plurality of frequencies 491 - 498 having a desired phase difference for the ring 
oscillator are generated in the PLL circuit. 

[0067] In Fig. 8 (Fig. 14), an oscillation monitoring circuit 50 for detecting the osclHation. halt of the 
5 voltage control oscillator 30 Includes a divider 51 (402), a first data retaining means 52 (404), a second data 
retaining means 53 (405), and an exclusive-OR gate 59 (406). In this event, the divider 51 (402) divides an 
oscillation signal 105 of the voltage control oscillator 30. The first data retaining means 52 (404) retains a first 
output signal 502 (454) at a first lime outputted from the divider 51 (402). 

[0068] The second data retaining means 51 (402) retains a second output signal 503 (454) outputted from the 
10 divider 51 (402) at a second time after a predetermined time from the first time. The exclusive-OR gate 59 (406) 
detects the presence or absence of difference between the first output signal 502 and the second autput signal 503. 
[0069] With this structure, the first data retaining means 52 (404) and the second data retaining means 53 (405) 
are reset by the oscillation control signal 107 In the PLL circuit. 

[0070] Further, the oscillation control oscillator 50 includes a divider 51, a plurality of shift registers 52 - 
15 55, exclusive-OR gates 56 - 58. In this case, the divider 51 divides an oscillation signal 105 of the voltage 

control oscillator 30. The shift registers 52 - 55 sequentially shift the signals divided by the divider 51 . 

[0071] The exdusive-OR gates 56 - 58 detect the presence or absence of difference between an input signal and 

an output signal of each shift register 52 - 55. In this event, the shift registers 52 - 55 are rest by the 

oscillation control signal 107 In the PLL circuit. 
20 [0072] Subsequently, detail description will be made about an embodiment of this invention. 

[0073] Referring to Fig. 4. a PLL circuit includes a PLL oscillator 1, which is composed of a divider 40, a 

phase comparing circuit 10. a voltage generating circuit 20 and a voltage control oscillator 30, an oscillator 

monitoring circuit 50, and an oscillator control circuit 60. 

[0074] With such a structure, the divider 40 divides an oscillating signal 105 Into N number. The phase 
25 comparing circuit 10 compares the phase between the divided signal 104 and a referential signal 101 and produces a 
phase difference signal 102. The voltage generating circuit 20 converts the phase difference signal 102 Into a 
voltage. The voltage control oscillator 30 changes an oscillation frequency proportional to the voltage 103. 
[0075] Further, the oscillation monitoring circuit 50 monitors an oscillation state of the oscillation signal 
105 of the PLL oscillator 1 and produces the presence or absence of the osdilation as an monitoring signal 106. The 
30 oscillation control circuit 60 produces an oscillation control signal 107 for controlling the voltage control 
oscillation circuit 30 by the use of the monitoring signal 1 06. 

[0076] Subsequently, detail description will be made about the voltage control oscillator 30 of the PLL 
oscillator 1 illustrated in Fig.4. 

[0077] With respect to the phase comparing circuit 10, the voltage generating circuit 20 and the divider 40, the 
35 detail structure will be omitted because they are well known In the art. 

[0078] Further, a ring oscillator is used as an oscillation portion of the voltage control oscillator 30. The 

structure except the oscillation portion has been well known in the art. Therefore, the specific structure wHl be omitted. 

[0079] In the ring oscillator illustrated in Fig. 5, even number of differential amplifiers 401 - 404 are 

connected in series. In this event, a positive input of a first stage 401 is coupled to a negative output 404b of a 
4Q final stage 404 while a negative input 401 b of a first stage is coupled to a positive input 404a of a final stage 404. 

[0080] Thereby, the ring oscillator is structured in a ring form. With this sti-ucture. the oscillation frequency 

depends upon only delay time of the differential amplifiers 401, 402, 403 and 404. 

[0081] A voltage comparator 41 1 compares a positive output 451 and a negative output 452 as outputs of the 
differential amplifier 401 in level. As a result of the comparison, when the level of the positive phase 451 is 
45 higher, the voltage comparator 411 produces a high level to an output 491. When the level is not higher, the voltage 
comparator 41 1 produces a low level. Each of the voltage comparators 412 - 418 is structured in the same manner 
[0082] A plus input of the voltage, comparator 415 Is coupled to the negative output 452 of the differential 
amplifier 401 while tiie minus input is coupled to the positive output 451. Outputs of the differential amplifiers 

402 - 404 are coupled to the voltage comparators 412, 416, 413, 417, 414 and 418 so as to produce outputs 491 - 
50 498. 

[0083] Although description has been so far about the ring oscillator composed of four stages differential 
amplifiers, the ring oscillator composed of differential amplifier of 2 x N number (N = 1, 2, 3 ....) may be structure in 
the same manner. 

[0084] In the ring oscillator illustrated in Fig. 6, even number of differential amplifiers 32 - 35 are 
55 connected in series. With this stmcture, a positive input of a first stage is coupled to a negative output of a 
final stage while a negative output of the first stage Is coupled to a positive output of tiie final stag . Thus, the 
ring oscillator is structured in a ring form. Under this circumstance, oscillation frequency depends upon delay time 
of the differential amplifi r. 
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[0085] Each of P-type electric field transistors P1 - P4 and N-type electric field transistors N1 - N4 serves as 
a control device for self-restoring the oscillator, and is connected to each of output terminals 302 - 309 of the 
differential amplifiers 32 - 35. 

[0086] In the P-type electric effect transistor P1, a drain is coupled to a positive output .302 of the 
5 differential amplifier 32 while a source is connected to a power supply line VDD. 

[0087] In the N-type electric field transistor N1, a drain is coupled to a negative output 303 of the 
differential amplifier 32 whUe a source is coupled to a ground line GND. Transistors P2 - P4 and N2 - N4 are 
connected to the differential amplifiers 33 - 35 in the same manner. 

[0088] Each gate of the transistors N1 - N4 is given with a signal .which is reversed the oscillation control 
10 signal 107, from the oscillation control circuit 60 illustrated in Fig. 4 by a reverse gate 31. On the other hand, 
each gate of the transistors P1 - P4 is given with the oscillation control signal 107. 

[0089] Each of the transistors P1 - P4 and N1 - N4 is turned off when the oscillation control signal 107 becomes 
the high level, and Is turned on when the signal 107 becomes the low level. 

[0090] Although description has been so far about the ring oscillator composed of four stages differential 
15 amplifiers, the ring oscillator composed of differential amplifier of 2 x N number (N = 1, 2. 3, ....) may be structured in 
the same manner. 

[0091] in Fig. 7, the differential amplifier includes a differential amplifier portion which is composed of P- 
type transistors 750, 751 and N-type transistors 752, 753, a P-type transistor 755 which is connected to the P-type 
transistor 750 in parallel, a P-type transistor 756 which is connected to the P-type transistor 751 In parallel, and 
20 an N-type transistor 757 which is connected to the N-type transistor 754. 

[0092] In the differential amplifier portion, a drain of the transistor 750 is coupled to a drain of the 
transistor 752, a drain of the transistor 751 is coupled to a drain of the transistor 753, and each source of the 
transistors 750, 751 is connected to the power supply line VDD. 

[0093] Further, each source of the transistors 752, 753 is coupled to a drain of the transistor 754, and a 
25 source of the transistor 754 is coupled to the ground line GND. A gate of the transistor 750 is connected to a gate of 
the transistor 751 so as to constitute a control input terminal 701 from an external. A gate of the transistor 754 
also serves as a control input terminal 704 from the external. 

[0094] Input terminals of the differential amplifier serve as gates 702, 703 of the transistors 752. 753 while 
output terminals serve as drains 706, 705 of the transistors 752, 753. 
30 [0095] Moreover, a gate of the transistor 755 is connected to a gate of the transistor 756 so as to constitute a 
control input terminal 707 from the external. A gate of the transistor 757 also constitutes a control input terminal 
708 from the external. 

[0096] The oscillation monitoring circuit 50 illustrated In Fig. 8 always monitors whether or not the PLL 

oscillator oscillates and produces the monitor signal which indicates the oscillation state. 
35 [0097] The oscillation monitoring circuit 50 includes a divider 51, shift-registers 52-55, exclusive OR-gates 56 
- 58, and an OR-gate 59. as illustrated in Fig. 8. 

[0098] With such a structure, the divider 51 divides the oscillation signal 105 into the M number, and supplies 
the divided signal 501 into the shift register 52. The shift register retains a level of an input 501 at a timing in 
which the referential signal 101 is changed from the low level into the high level, and produces as a signal 502. 
40 [0099] An operation of each shift-register 53 - 55 is carried out in the same manner. Namely, the shift register 
53 retains a level of a signal 502 at timing in which the referential signal 101 is changed from the low level into 
the high level, and produces as a signal 503. 

[0100] Similarly, the shift register 54 shifts a signal 503 at a timing of the referential signal 101 and 
produces a signal 504 while the shift register 55 shifts a signal 504 to produce a signal 505. 
45 [0101] Further, the oscillation control signal 107 is given into a set terminal SB of the shift register 52 and 
reset terminals RB of the shift registers 53 - 55. Under this circumstance, when the oscillation control signal 107 
is put into the low level, an output of the shift register 52 is put into the high level, and each output of the 
shift registers 53 - 55 is put into the low level. 

[0102] When the oscillation control signal 107 is put into the high level, each of the shifts registers 52-55 
50 normally operate. When the exclusive OR gate 56 produces the low level as the output signal 506 when both signals 
502, 503 are equal to the high levels or the low levels. 

[0103] The exclusive OR-gate 57 which is given with signals 503. 504 and the exclusive OR-gate 58 which is given 
with signals 504. 505 operate in the same manner. 

[0104] The OR gate 59 produces the low level as the monitor signal 106 when all of signal 506 - 508 are equal to 
55 the low levels. That is. the low level is produc d as the monitor signal 106 when all of output signals 502 - 505 
are put into the high levels or the low levels. 

[0105] The oscillation control circuit 60 illustrated In Fig. 9 produces a puise signal so that th voltag 
control oscillator 30 can resume the oscQlatlon when an oscillation-halting signal Is given ther to. In Fig. 9, the 
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oscillation control circuit 60 is composed of a D flip-flop 61. The D flip-flop produces and retains the level of 
the monitor signal 106. which is given when the referential signal 101 is changed from the high tevel into the low 
level, as the oscillation control signal 107. 

[0108] Subsequently, description vAW be made about an operation of the circuit illustrated in. Fig. 4 with 

5 reference with Fig. 10. 

[0107] When the PLL oscillator 1 normally oscillates, the oscillation monitoring circuit 50 produces the monitor 
signal, which indicates the oscillation state, into the oscillation control circuit 60. In this case, the oscillation 
control circuit does not produce the oscillation control signal 107. 

[0108] When the PLL oscillator 1 halts the oscillation, the oscillation monitoring circuit 50 produces the 
10 monitor signal 106 of the low level, which indicates the halt of the oscillation, Into the oscillation control 
circuit 60. Further, the oscillation control circuit 60 produces the oscillation control signal 107 into the voltage 
control oscillator 30 on the basis of the monitoring signal 106, resets the voltage control oscillator 30 into the 
oscillation state, and automatically restores the oscillation of the PLL circuit 1. 

[0109] Refem'ng to Fig. 10, the oscillation monitoring circuit 50 monitors the oscillation signal 105 of the 
15 PLL oscillator 1 In time TO - T1, and puts the monitor signal 106 into the high level, which Indicates the 
oscillation state, because the PLL oscillator 1 is in the oscillation state. Further, the oscillation control signal 
107 as the output of the oscillation control circuit 60 is also put into the high level, and the voltage control 
oscillator 30 is particularly controlled. 

[0110] In time T1, the oscillation monitoring circuit 50 detects the osdilation halt of the oscillation signal 
20 105, the oscillation monitoring circuit 50 puts the monitoring signal into the low level which indicates the oscillation halt. 

[0111] The monitor signal 106 becomes the low level at falling time T2 of the referential signal 101. 

Consequentiy, the oscillation control circuit 60 puts the oscillation control signal into the low level, resets the 

shift register of the oscillation monitoring circuit 50, and puts the monitor signal 106 into the high level at 

falling time T3 of the referential signal 101. 
25 [0112] In time 12 - T3. the oscillation control signal becomes the low level. In consequence, each differential 

amplifier of the ring oscillator of the voltage control circuit 30 is reset into the oscillationable state, and 

starts the normal oscillation. 

[0113] Referring to Fig. 10, the oscillation monitoring circuit 50 monitors the oscillation signal 105 of the 
PLL oscillator 1 in time TO - T1, and puts the monitor signal 106, which indicates the oscillation state, into the high 
30 level. Further, the oscillation monitoring circuit 50 puts The oscillation control signal 107 as the output of the 
oscillation control circuit 60 into the high level, and does not particularty control the voltage control oscillator 30. 
[0114] In time T1. when the oscillation monitor circuit 50 detects the oscillation halt of the oscillation 
signal 105, the oscillation monitoring circuit 50 puts the monitor signal 106 into the low level which indicates the 
oscillation halt. 

35 [0115] The monitor signal 106 becomes the low level at falling time of the referential signal 101. Consequentiy, 
the oscillation control circuit 60 puts the oscillation control signal 107 into the low level, resets the shift 
register of the oscillation monitoring circuit 50, and puts the monitor signal 106 into the high -level at falling 
time T3 of the referential signal 101. 

[0116] At time T2 - T3, the oscillation contirol signal 107 becomes the low level. Thereby, each differential 
^ amplifler of the ring oscillator of the voltage control oscillator circuit 30 is reset into the oscillationable 
state, and the normal oscillation starts. 

[0117] Referring to Fig. 11, description will be made about a detail operation of the ring oscillator portion 
illustrated in Fig.6, Fig. 8 and Fig. 9, the oscillation monitoring circuit 50 and the oscillation control circuit 60. 
[0118] In Fig. 11. the oscillation signal 105, which is given to the oscillation monitoring circuit 50, is 
divided by the divider 51 (eight division number in Fig. 11). and is supplied to the shift register 52. Each of 
shift registers 52 - 55 operates in synchronism with the rising of the referential signal 101, and the input data 
shifts in the direction from the shift register 52 into the shift register 55 at every rising of the referential signal 101 . 
[0119] When the PLL circuit 1 is put into the oscillation state, outputs 502 - 505 of the shift registers 52 - 
55 are always mixed with the high level and the low level, and either of the exclusive OR-gates 56 - 58 produces the 
high level. Consequentiy, the monitor signal 106 as the output of the OR-gate 59 is always put into the high level. 
Therefore, the monitor signal 106 of the oscillation monitoring circuit 50 ahvays produces the high level when the 
PLL circuit 1 is put into the oscillation state. 

[0120] The D flip-flop 61 of the oscillation control circuit 60 continues so as to produce the high level into 
the oscillation control signal 107 because the monitor signal 106 is put into the high level. 

[0121] The oscillation control signal 107 Is coupled to the set t rminal and the reset terminal of the shift 
registers 52 - 55 of the oscillation monitoring circuit 50. In this event, each of the shift registers 52 - 55 is 
not set into the reset state and carries out the normal operation because the oscillation conti-ol signal 107 is put 
into the high level. 
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[0122] In the ring oscillator illustrated In Fig. 6, the P-type transistors P1 - P4, each of which is given with 
the high level signal 107 and the N-typ transistors N1 - N4, each of which is given with the tow level signal 301 
via the reverse gate 31. are put into OFF states not to be connected to the transistors. In consequence, the normal 
ring oscillator is structured so as to perform the oscillation. 
5 [0123] When the oscillation signal 105 halts and is fixed to the low level, the outputs of th shift registers 
52 - 55 sequentially become the low level. At time T1, all of output signals 502 - 505 of the shift registers 52 - 
55 are put into the low level, all of outputs of the exclusive OR-gates 56 - 58 are put into the low level, and the 
monitor signal 106 as the output of the OR-gate 59 is put into the low level. 

[0124] The D flip-flop 61 of the oscillation control circuit 60, which is given vi^th the output monitor signal 
10 106 of the low level, puts the oscillation control signal 107 into the low level at falling time T2 of the referential signal 
101. 

[0125] In the shift registers 52 - 55 of the oscillation monitoring circuit 50, the shift register 52 is set. 
the output of the shift register 52 is put into the high level, the shift registers 53 - 55 are reset, and the 
output of the shift registers 53 - 55 are put into the low level because the oscillation control signal 107 becomes 
iS the low level. Further, the exclusive OR-gate 56 becomes the high level, and the monitor signal 106 of the OR-gate 
59 is also changed from the low level into the high level. 

[0126] in the ring oscillator circuit, the P-type transistors P1 - P4, each of which is given with the low level 
signal 107 and the N-type transistors N1 - N4, each of which is given the high level signal 301 by the reverse gate 
31 , are put into the ON state. 

20 [0127] In this case, all of output terminals of the differential amplifiers, in which the P-type transistors are 
connected, become the power supply VDD level while all of output terminals of the differential amplifiers, in which 
the N-type transistors are connected, become the ground line GNO level. 

[0128] In the D flip-flop 61 of the oscillation control circuit 60, the monitor signal 106 Is put into the high 
level at time T3 in which the referential signal subsequentiy falls. Consequently, the osdltation control signal is 
25 changed from the low level into the high level. 

[0129] In the ring oscillator circuit, the P-type transistors P1 - P4, each of which is given with the 
oscillation control signal 107 of the high level and the N-type transistors N1 - N4, each of which is given with the 
low-level signal by the reverse gate 31, become the OFF state. 

[0130] In consequence, each potential of outputs 302 - 309 of the differential amplifiers 32 - 25 Is changed 
from the power supply line VDD level or the ground line GND level Into the Intermediate potential level direction, 

and becomes the oscillation state in the course. 

[0131] Although description has been so far about the case that the oscillation halts at the low level, even 
when the oscillation halts at the high level, the oscillation monitoring circuit 50 detects the oscillation halt, 
and puts the monitor signal 106 into the low level or puts the oscillation control signal 107 into the low level to 
3^ be able to automatically restore the oscillation. 

[0132] Referring to Fig. 12, description will be made about the ring oscillator having the multi-phase clock 
outputs illustrated in Fig. 5. 

[0133] In Fig. 12, the ring oscillator oscillates at oscillation frequency TO. At time T1 - T5, the positive 
phase output 451 of the differential amplifier 401 is put into the high level while the negative phase output 452 is 
^ put into the low level. Consequentiy, the output 491 of the voltage comparator 411 becomes the high level while the 
output 495 of the voltage comparator 415 becomes the low level. At time T5 - T9, the output of the differential 
amplifier 401 is reversed. In consequence, the output 491 of the voltage comparator 411 is put into the low level 
while the output 495 of the voltage comparator 415 is put into the high level. 

[0134] Subsequentiy, at time T1, the positive phase output 451 of the differential amplifier 401 is changed from 
^ the low level into the high level while the negative phase output 452 is changed from the high level Into the low level. 

[0135] Consequentiy, the input of the next stage differential amplifier 402 Is changed. Thereby, in the 
differential amplifier 402, the positive phase output 453 is changed from the low level into the high level, and the 
negative phase output 454 is changed from the high level Into the low level at time T2 delayed with delay time t 
(=T2-T1) of the differential amplifier. 

[0136] As a result the output 492 of the voltage comparator 412 is changed into the high level while the output 
496 of the voltage comparator 416 is changed into the low level. 

[0137] Further, at time T5, the positive phase output 451 of the differential amplifier 401 is changed from the 
high level into the low level while the negative phase output 452 is changed from tiie low level into the high level. 
[0138] Consequentiy, the input of the next stage differential amplifier 402 is changed. Thereby, in the 
differential amplifier 402, the positive phase output 453 is changed from the high level Into the low level, and the 
n gative phase output 454 is changed from the low level into the high level at tim T6 delayed with delay time t 
{=T6-T5) of the differential amplifier. 

[0139] As a result, the output 492 of the voltage comparator 412 is changed into tiie low level while the output 
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496 of the voltage comparator 416 is changed into the high level. 

[0140] Hereinafter, the same operation is repeated. In consequence, waveform delayed with delay time of the 

differentia) amplifier is obtained at the same TO v^h the osciDation frequency of the ring oscillator for outputs 491 - 

498 of the voltage comparators 411 - 418. 
5 [0141] Subs quentiy, description will be made about a detail operation of th ring oscillator illustrated in Fig. 6. 

[0142] In the ring oscillator illustrated in Fig. 6, when the oscillation control signal 107 is equal to the 

high level, the P-type transistors P1 - P4 and the N-type transistors N1 - N4, each of which is given with the low 

level signal 301 by the reverse gate 31 , become the OFF states and constitute the even stages of ring osdilator circuit. 

[0143] When the input 308 of the differential amplifier 32 is equal to the high level and the input 309 is equal 
10 to the low level, the output 302 becomes the low level and the output 303 becomes the high level. After the next 

stage, the outputs 304, 306 are put into the low level while the outputs 305, 307 are put into the high level. 

Further, the output 309 of the final stage differential amplifier 35 becomes the high level while the output 308 

becomes the low level. 

[0144] The first stage of positive phase input is coupled to the final stage of negative phase output while the 

15 first stage of negative phase input is coupled to the final stage of positive phase output. Consequentiy, the input 
level of the differential amplifier 32 is reversed. Thereby, the output 302 is changed from the low level into the 
high level, and the output 303 Is changed from the high level into the low level in the state. After the subsequent 
stage, the output state is sequentially reversed to oscillate. In this event, the oscillation frequency is depends 
upon the delay time of each differential amplifier. 

20 [0145] When the oscillation control signal 107 is equal to the low level, the P-type ti-ansistors PI - P4 and the 
N-type transistors N1 - N4, each of which is given with the high level signal 301 by the reverse gate 31, become the 
ON states. Consequentiy. all of the output terminals, in which the P-type transistors are connected, become the power 
supply line VDD while all of the output terminals of the differential amplifier, in which the N-type transistors are 
connected, become the ground line GND level. 

25 [0146] Namely, all of output levels of the differential amplifiers 32 - 35 are put into unbalanced state and 
becomes the osclllationable state. From this state, the oscillation control signal 107 is put into the high level. 
Thereby, all of N1 - N4, PI - P4 become the OFF states, potentials of the outputs 302 - 309 of the differential 
amplifiers 32 - 35 are changed from the power supply line VDD level or the ground line level GND Into the 
intermediate potential level direction, respectively and becomes the oscillation state in the course. 

30 [0147] Although description has been so far made about the operation of the ring oscillator of four stages 

differential amplifiers, the operation of even stages differential amplifier of 2xN number (N = 1, 2, 3, ) may be 

performed in the same manner. 

[0148] Subsequentiy. description will be made about a detail operation of the differential amplifiers 32 - 35 
which constitute the ring oscillator illustrated in Fig. 7. 
35 [0149] The circuit, which is structured by the transistors 750 - 754, constitutes tine normal amplifier circuit 
When the high level is given to the input terminal 702 and the low level is given to the input terminal 703. the 
transistor 752 becomes the ON state and the output 706 is put into tiie low level. Further, transistor 753 becomes 
the OFF state and the output 705 is put Into the high level. 

[0150] The voltage 103 is applied to the conti-ol input terminals 701. 704 of the transistors 750, 751, 754 from 
4Q the voltage generating circuit 20, and the delay time of the differential amplifier is variable in dependency upon 
the voltage 103. By utilizing this, the oscillation frequency of the ring oscillator is changed. 

[0151] Further, the voltage is always applied to the control input terminals 707, 708 of the fransistors 755 - 
757 which are connected to these transistors in parallel so that the current always flows. 

[0152] When the control input terminals 701 ,704 approaches the power supply line VDD or the ground line GND in 
45 the transistors 750, 751, 754, the transistors 750. 751, 754 become the OFF state and no current flows. However, the 

current always flows along the transistors 755 - 757. Consequentiy, the circuit can operate as the differential amplifier. 

[0153] The ring oscillator can be structured by the use of the differential amplifier. When the voltage applied 

from the voltage generating circuit 20 falls within the range between the power supply line VDD and the ground line 

GND, the voltage control oscillator is in the osclllationable state. 
50 [0154] Subsequentiy, description will be made about another embodiment of this invention with reference to Figs. 

14 through 16. 

[0155] Referring to Fig. 15, after an oscillation signal 105 is divided into the m number by a divider 402 in an 
oscillation monitoring circuit 50, the divided signal is given to the up-counter 403 of X-bits, and the up-counter 

403 performs up-count. 

55 [0156] An output of the up-counter 403 is given to flip-flops 404, 405 of X-bits in X-bits state. The f!ip-flop 

404 operates at a rising timing of a signal which is n-divided a referential signal 101 by the divider 407, and th 
flip-flop 405 operates at a falling timing. Thereby, a count value (X bits) of the up count r 403 is produc d and retained. 
[0157] When the PLL circuit normally operates, the output signals 45r^ 455 of the flip-flops 404. 405 are always 
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put into different state. Under this circumstance, the monitor signal 106 produces the high level which Indicates the 
osdliation state. 

[0158] Herein, the monitor signal 106 is equal to an output of an exclusive OR-gate 406 which is given vnih the 
output signal 456 of the flip-flop 404 and the output signal 455 of the flip-flop 405. . - 

5 [0159] Further, the osdliation control signal 107 as the output of the oscillation control circuit 60 also 
becomes the high level, and the voltage control osdilator 30 is not particularly controlled. 

[0160] Sut>sequently, when the oscillation of the PLL oscillator, the input of the up-counter 403 becomes a 
constant level with reference to Fig. 16 after the oscillation hafts. Therefore, the up-count is not carried out, 
and the output state is invariable. 
10 [0161] Consequently, the outputs 456, 455 of the flip-flops 404, 405 become the same states (DH in Fig. 16). 
Further, the monitor signal 106 as the output of the exdusive OR-gate 406 produces the lowjevel which indicates 
the oscillation halting state, and the oscillation control signal 107 as the output of the oscillation control 
circuit 60 becomes the low level when the referential signal 101 falls so as to reset the voltage control oscillator 
30 into the oscillation able state. 

15 [0162] Moreover, the osdliation control signal 107 puts the flip-flop 404 of the oscillation monitoring drcuit 
50 into the set state (high level output), puts the flip-flop 405 into the reset state (low level output), and puts 
the output of the exdusive OR-gate 406 into the high level. Thereby, the oscillation control signal 107 is put into 
the high level when the referential signal 101 subsequently falls. 

Claims 

1. A PLL drcuit which detects osdliation halt of a voltage control oscillator and which generates an oscillation 
control signal for automatically oscillating the voltage control oscillator based upon the detected signal, and 
which automatically restores the voltage control oscillator to a normal oscillation state by the use of the 
generated signal, wherein: 

said voltage control osdilator is stmctured by a ring oscillator in which a plurality of differentia! 
amplifiers are connected in a ring form, 

a plurality of osdliation control means are arranged for the respective inputs of said differential 
amplifiers so as to set said ring oscillator into an oscillationable state when said voltage control 
oscillator halts, and 

said osdliation conti-ol means is controlled by the oscillating control signal. 

35 

2. A PLL circuit as claimed in claim 1 , wherein: 

the number of said differential ampllflers is even. 

40 

3. A PLL circuit as daimed in claim 1 or 2, v^erein: 

said oscillation control means pults-up one Input of said differential amplifier into a high level and puBs- 
down the other input of said differential amplifier into a low level. 

45 

4. A PLL circuit as daimed in claim 3, wherein: 

said oscillation control means comprises a first osdliation control means which pul!s-up the one input of 
said differential amplifier into the high level and a second oscillation control means which pulls-down the 
other input of said differential amplifier into the low level. 



5. A PLL circuit as daimed in claim 4, wherein: 

55 

said first oscillation control m ans comprises a p-channel transistor which is connected between the one 
input of said differential amplifier and a power supply line, and 
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said second oscillation control means comprises an n-channel transistor which is connect d between the other 
input of said differential amplifier and a ground line. 

5 

6. A PLL circuit as claimed in anyone of claims 1 to 5, wherein: 

the circuit has second and third differential amplifiers, 

10 one output of said differential amplifier constituting said ring oscillator is introduced to a non-reverse 

input terminal of said second differential amplifier while the other output of said ^differential amplifier 
is introduced to a reverse input terminal of said second differential amplifier, 

one output of said differential amplifier constituting said ring oscillator is introduced to a reverse input 
iS terminal of said third differential amplifier while the other output of said differential amplifier is 

introduced to a non-reverse input terminal of said third differentia! amplifier, and thereby, 



20 



30 



40 



45 



50 



55 



a plurality of frequencies are generated, each of the frequency having a predetermined phase, difference for 
said ring oscillator. 

7. A PLL circuit as claimed in anyone of claims 1 to 6, wherein: 



the circuit has a detection circuit which detects the oscillation halt of said voltage control oscillator, 
25 said detection circuit comprises; 

a divider which divides the oscillation signal of said voltage control oscillator, 

a first data retaining means for retaining a first output signal which is given from said divider at a first time, 



a second data retaining means for retaining a second output signal v\rhich is given from said divider at a 
second time after a predetermined time from the first time, and 



an exclusive OR gate which detects the presence or absence of difference between the first output signal and 
3^ the second output signal, and 

each of said first data retaining means and said second data retaining means is reset by the use of the 
oscillation control signal. 



8. A PLL circuit as claimed in anyone of claims 1 , to 7, wherein: 

the circuit has a detection circuit which detects the oscillation halt of said voltage control oscillator, 
said detection circuit comprises; 

a divider which divides the oscillation signal of said voltage control oscillator, 
a plurality of shift registers which sequentially shift the divided signals, and 

an exclusive OR gate which detects the presence or absence of difference between an input signal and an 
output signal of each shift register, and 

each of said shift registers is reset by the use of the oscillation control signal. 

9. A PLL circuit which has a voltage control oscillator in which a plurality of differential amplifiers are in a 
ring form and which detects oscillation halt of the voltage control oscillator and automatically restores the 
voltage control oscillator to a normal oscillation state by the use of the detected signal, wherein: 
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when said voltage control oscillator halts the oscillation, inputs of said differential amplifiers 
unbalanced so as to set said ring oscillator to an oscillationable state, and 

thereby, each of said differential amplifiers is put into an unbalanced state. 

A PLL circuit as claimed in claim 9. wherein: 
the number of said differential amplifiers is even. 
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